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(57) ABSTRACT 
The present invention is related to novel oral compositions 
comprising an irreversible gastric H+/K+-ATPase proton 
pump inhibitor (PPI) as a gastric acid secretion inhibitor and 
one or more small carboxylic acid molecules as parietal cell 
activators in the gastric lumen. Unexpectedly, the composi 
tions of the present invention are capable of enhancing the 
anti-acid activity of PPI in the stomach. The present inven 
tion further relates to a method of using such compositions 
to reduce gastric acid secretion in a mammal. 
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COMPOSITIONS AND METHODS FOR 
INHIBITING GASTRIC ACID SECRETION 

RELATED APPLICATION DATA 

[0001] This application is based on and claims the bene?t 
of US. Provisional Patent Application No. 60/679,664 ?led 
on May 11, 2005, the disclosure of Which is incorporated 
herein in its entirety by this reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel oral compo 
sitions for inhibition of gastric acid secretion comprising a 
proton pump inhibitor in conjunction With one or more small 
monocarboxylic, dicarboxylic or tricarboxylic acids in an 
amount suf?cient to activate parietal cells. The present 
invention further relates to a method of using such compo 
sitions to reduce gastric acid secretion in a mammal. 

BACKGROUND OF THE INVENTION 

[0003] A Wide number of pathological conditions are 
characterized by the need to suppress gastric acid secretion. 
Such conditions include, but are not limited to Zollinger/ 
Ellison syndrome (ZES), gastroesophageal re?ux disease 
(GERD), peptic ulcer disease, duodenal ulcers, esophagitis, 
and the like. Conditions such as peptic ulcers can have 
serious complications and represent some of the most preva 
lent diseases in industrialized nations. 

[0004] Presently, the main therapies employed in the treat 
ment of GERD and peptic ulcer diseases include agents for 
reducing the stomach acidity, for example by using the 
histamine H2-receptor antagonists or proton pump inhibitors 
(PPIs). PPIs act by inhibiting the parietal cell H"/K+ ATPase 
proton pumps responsible for acid secretion from these cells. 
PPIs, such as omepraZole, and its pharmaceutically accept 
able salts are disclosed for example in EP 05129, EP 124495 
and US. Pat. No. 4,255,431. 

[0005] PPI agents are acid-labile pro-drugs that are usually 
administered in enteric-coated granules and are Weak bases. 
Following absorption in the small intestine, PPIs preferen 
tially accumulate Within the acid milieu of the acid-secreting 
parietal cells. The acid environment Within the acid milieu of 
parietal cells causes the conversion of the pro-drugs into the 
active sulfenamides, Which are the active agents that bind 
and inhibit the parietal cell H"/K+ ATPase pumps. Thus, 
pre-activation of parietal cells is required for the conversion 
of PPIs to its active protonated form. The pre-activation of 
parietal cells is usually achieved by meal ingestion that 
initiates gastrin-dependent parietal cell activation. Indeed, 
patients are instructed to take PPI one hour prior to meal 
intake in order to ensure that parietal cells are activated 
When the PPI reaches the parietal cells via blood stream. 

[0006] Despite their Well-documented e?‘icacy, PPIs have 
notable limitations. The conversion of PPI to its active form 
requires pre-activation of parietal cells. The pre-activation 
of parietal cells is normally achieved by ingestion of food. 
Thus, the PPI must be taken prior to ingestion of food in 
order to synchroniZe betWeen the pre-activation of parietal 
cells and PPI absorption in blood. Furthermore, PPIs have a 
relatively sloW onset of pharmacological action and may 
require several days to achieve maximum acid suppression 
and symptom relief, limiting their usefulness in on-demand 
GERD therapy (Sachs G, Eur J Gastroenterol Hepatol. 
2001;13 Suppl 1:S35-41). 
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[0007] Moreover, PPIs fail to provide 24-h suppression of 
gastric acid and nocturnal acid breakthrough that leads to 
heartburn pain in GERD patients and occurs even With 
tWice-daily dosing of PPIs (Tytgat G N, Eur J Gastroenterol 
Hepatol. 2001;13 Suppl 1:S29-33; Shaker R. et al., Am. J. of 
Gastroenterology, 98 (7), 2003). Finally, these drugs exhibit 
substantial inter-patient variability in pharmacokinetics and 
may have signi?cant interactions With other drugs (Hatle 
bakk et al., Clin Pharmacokinet. 1996; 31(5):386-406). 
Thus, an improvement of PPI-mediated activity is a Well 
recogniZed challenge in gastroenterology. 

[0008] Maleic acid and succinic acid, chemically charac 
teriZed as four-carbon dicarboxylic acids, are knoWn as 
poWerful stimulants of gastric acid secretion (Teyssen et al., 
J. Clin Invest. 1999 103(5): 707-713). Teyssen et al. studied 
the stimulation of gastric acid secretion in fermented alco 
holic beverages produced by fermentation (e.g., beer and 
Wine). Interestingly, maleic acid and succinic acid Were 
found to stimulate gastric acid output in humans as that 
produced by beer, champagne, Wine, and pentagastrin (a 
poWerful exogenous stimulus to induce acid secretion), but 
Without gastrin being their mediator of action. 

[0009] US. Pat. No. 5,559,152 discloses that a mixture of 
succinic acid and citric acid in the dose of 3.5 mg/kg is 
capable of inducing gastric acid secretion in dogs as 
re?ected by signi?cant reduction in the pH of the gastric 
juice measured on an empty stomach 40 min folloWing drug 
administration. This patent further discloses that succinic 
and citric acid stimulate acid secretion in healthy human 
volunteers. 

[0010] Pokrovskiy et al. (Physiologicheskiy Z’umal 
10: 1567-1573, 1973) also disclosed that molecules involved 
in the mitochondrial respiration circle (krebs cycle) such as 
pyruvate, succinate, alpha-ketoglutarate, malate or glucose 
may stimulates proton secretion in ex vivo model of frog 
mucosa. 

[0011] US. Pat. Nos. 6,489,346; 6,645,988; and 6,699, 
885; to Phillips (jointly the “Phillips patents”) disclose 
pharmaceutical compositions and methods of treating acid 
caused gastrointestinal disorders using oral compositions 
consisting of a PPI, at least one buffering agent and speci?c 
parietal cell activators. The parietal cell activators disclosed 
in the Phillips patents include, for example, chocolate, 
sodium bicarbonate, calcium, peppermint oil, spearmint oil, 
coffee, tea and colas, caffeine, theophylline, theobromine 
and amino acids residues. As indicated in the Phillips 
patents, all these proposed parietal cell activators induce the 
release of endogenous gastrin leading to stimulatory effects 
on acid secretion. 

[0012] All parietal cell activators taught by the prior art to 
facilitate PPI activity are either gastrin analogs or parietal 
cell activators that induce release of endogenous gastrin. 
Applicants surprisingly discovered compositions and meth 
ods of effectively facilitating the inhibitory activity of PPIs 
in a gastrin-independent manner, Without activating the 
gastrin-histamine pathWay. The prior art fails to teach or 
suggest a gastrin-independent manner of facilitating the 
inhibitory effect of PPIs. 

[0013] The development of an effective gastrin-indepen 
dent treatment for pathologies in Which inhibition of gastric 
acid secretion is required Would ful?ll a long felt need. 
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Despite the Wide-spread use of PPIs, a need still exist for 
increasing the PPI ef?cacy, e.g., prolonged effect to control 
night time acid breakthrough, greater effect at reduced 
dosage and meal-independent administration. Applicants’ 
invention disclosed herein meets many of these long felt 
needs. 

SUMMARY OF THE INVENTION 

[0014] It is the object of the present invention to provide 
PPI-based compositions With enhanced activity in inhibition 
of gastric acid secretion. 

[0015] In one embodiment, the present invention relates to 
compositions comprising a substituted benzimidazole 
H+/K+-ATPase proton pump inhibitor (PPI) as a gastric acid 
secretion inhibitor and one or more saturated or non-satu 

rated small monocarboxylic, dicarboxylic or tricarboxylic 
acids, salts or derivatives thereof as activators of parietal 
cells. Preferred acids to be used as parietal cell activators are 
small monocarboxylic, dicarboxylic or tricarboxylic acid 
involved in the mitochondrial respiration circle (krebs 
cycle). Unexpectedly, the compositions of the present inven 
tion are capable of enhancing the anti-acid activity of PPI in 
the stomach. The present compositions may be used for 
treating a subject suffering from chronic or acute disorders 
in Which suppression of acid secretion in the stomach is 
required. 
[0016] The substituted benzimidazole proton pump inhibi 
tors according to the present invention are compounds that 
inhibit the activity of the H+/K+-adenosine triphosphatase 
(ATPase) proton pump in the gastric parietal cells. In its 
pro-drug form, the PPI is non-ionized and therefore is 
capable of passing through the cellular membrane of the 
parietal cells. Once reaching the parietal cells, the non 
ionized PPI moves into the acid-secreting portion of acti 
vated parietal cells, the secretory canaliculus. The PPI 
trapped in the canaliculus becomes protonated, thus con 
verted to the active sulfenamide form that can form disul?de 
covalent bonds With cysteine residues in the alpha subunit of 
the proton pump, thereby irreversibly inhibiting the proton 
pump. 

[0017] The present invention is based on the inventors 
surprising discovery that small monocarboxylic, dicarboxy 
lic or tricarboxylic acid molecules involved in the mitochon 
drial respiration circle (krebs cycle) such as maleic acid and 
succinic acid can enhance the activity of proton pump 
inhibitors in inhibiting gastric acid secretion. Such small 
saturated or non-saturated dicarboxylic acids activate pari 
etal cells. Active parietal cells possess acidic pH, Which is 
required for the conversion of the PPI to the active proto 
nated sulfenamide form. Therefore, the synchronized acti 
vation of the parietal cells by the small molecules of the 
present invention maximizes the inhibition of the pumps by 
the PPI. 

[0018] The compositions of the present invention exhibit 
the folloWing advantages over the knoWn PPI-based com 
positions aimed to reduce gastric acid secretion. The present 
compositions permit pre-activation of the parietal cells by 
the parietal cell activator molecules of the present invention 
instead of food ingestion. Pre-activation of parietal cells by 
these molecules facilitates the conversion of the PPI to the 
active sulfenamide form. Furthermore, the present compo 
sitions exhibit anti-acid activity in the stomach in a meal 
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independent manner, since meal is no more required for 
pre-activation of parietal cells. Thus, the combined active 
agents of the present compositions provide an effective 
solution for bed-time PPI administration in GERD patients 
that are instructed not to ingest food at bed-time. 

[0019] The compositions according to the present inven 
tion may comprise any small monocarboxylic, dicarboxylic 
or tricarboxylic acids, salts or derivatives thereof in an 
amount sufficient to activate parietal cells in the gastric 
lumen. Preferred carboxylic acids are small saturated or 
non-saturated monocarboxylic, dicarboxylic or tricarboxylic 
acids involved in krebs cycle. Most preferred small dicar 
boxylic acids are saturated or non-saturated dicarboxylic or 
tricarboxylic acids such as maleic acid, succinic acid or 
citric acid, or any derivative or salts thereof. Also included 
Within the scope of the present invention are other small 
carboxylic acid molecules involved in krebs cycle such as 
for example pyruvate, ot-ketoglutarate, succinyl-CoA, fuma 
rate, or oxaloacetate. 

[0020] The compositions according to the present inven 
tion are preferably oral compositions, hoWever, parenteral 
compositions are also included in the scope of the present 
invention. The active ingredients of the present invention 
may be formulated in a single oral dosage form, preferably 
a solid dosage form. In this case, the release of the PPI and 
the small carboxylic acids is adjusted so as to achieve 
synchronization betWeen the activation of parietal cells and 
the absorption of PPI in blood. Thus, in one embodiment the 
PPI and the parietal cell activators according to the present 
invention may be formulated as multi-layered tablets, sus 
pension tablets, e?fervescent tablets, poWder, pellets, gran 
ules, hard gelatin capsules comprising multiple beads, or 
soft gelatin capsules containing a lipid-based vehicle. Liquid 
dosage forms such as suspensions may be used as Well. 

[0021] According to one embodiment, the solid dosage 
form of the present invention is a capsule or a multi-layered 
tablet containing PPI particles coated With either enteric 
pH-dependent release polymers or non-enteric time-depen 
dent release polymers and particles of the parietal cell 
activators according to the present invention. In order to 
ensure that the activation of parietal cells by the small 
carboxylic acids is synchronized With the absorption of the 
PPI in the proximal part of the small intestine, the single oral 
dosage form may comprise small carboxylic acids beads 
coated With a time-dependent release polymer that extends 
the releasing time in the stomach. Speci?cally, the delay in 
the release of small carboxylic acids in the stomach permits 
the synchronization betWeen the activity of the carboxylic 
acids as parietal cell activators and the absorption of the PPI 
in the systemic circulation folloWed by conversion of the 
PPI to its protonated form Within activated parietal cells. 

[0022] The active ingredients of the present invention may 
also be formulated in separate dosage forms. For example, 
the small carboxylic acids according to the present invention 
may be formulated in an oral suspension or a solid dosage 
form such as capsules, tablets, suspension tablets, or e?fer 
vescent tablets and the PPI may be formulated in a separate 
solid dosage form, preferably capsules or tablets comprising 
beads With enteric pH-dependent release polymers or non 
enteric time-dependent release polymers. The separate dos 
age forrns may be provided as a kit containing beads of the 
small carboxylic acids in one dosage form and the beads of 
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PPI in a separate dosage form. In this case, the small 
carboxylic acids are administered in conjunction With the 
PPI so that there is at least some chronological overlap in 
their physiological activity. The PPI and the small carboxy 
lic acids can be administered simultaneously and/ or sequen 
tially. 

[0023] The active ingredients of the present invention may 
also be formulated in a dosage form suitable for parenteral 
administration such as intravenous administration and sub 
cutaneous injection. It is also possible that one of the active 
ingredients is administered orally (such as in tablets or 
capsules) and the second active ingredient is administered 
parenterally by intravenous or subcutaneous injection. 

[0024] In another embodiment, the present invention is 
directed to a method of treating a subject suffering from a 
disorder in Which suppression of gastric acid secretion is 
required or a disorder normally treated by suppression of 
gastric acid secretion. The method comprising administering 
to the subject a pharmaceutical composition comprising a 
PPI as a gastric acid secretion inhibitor and one or more 
small carboxylic acids as an activator of parietal cells. 

[0025] The compositions of the present invention may be 
used for preventing or treating pathologies in a mammal in 
Which inhibition of gastric acid secretion is required. Pref 
erably the mammal is human. The compositions of the 
present invention are effective both in treating the patholo 
gies and in minimizing the risk of development of such 
pathologies before onset of symptoms. 

[0026] The pharmaceutical compositions of the present 
invention may be used in a Wide number of pathological 
conditions that are treated by suppression of gastric acid 
secretion. Such conditions include, but are not limited to 
Zollinger/Ellison syndrome (ZES), gastroesophageal re?ux 
disease (GERD), esophagitis, peptic ulcer diseases, duode 
nal ulcers, gastritis and gastric erosions, dyspepsia, NSAID 
induced gastropathy, and the like. 

[0027] The present invention also includes a pharmaceu 
tical kit, preferably an oral pharmaceutical kit. The kit 
typically comprises as active ingredients a pharmaceutically 
effective amount of: (i) one or more small carboxylic acids 
according to the present invention; and (ii) a substituted 
benzimidazole H+/K+-ATPase proton pump inhibitor. In one 
embodiment, the active ingredients are formulated in sepa 
rate dosage unit forms. The kit may be used to treat or 
prevent a disorder in a subject in Which suppression of 
gastric acid secretion is required by administering to a 
subject the active ingredients. The one or more small car 
boxylic acids are typically administered simultaneously, 
prior to or folloWing the administration of the PPI. 

[0028] The present invention also includes an oral phar 
maceutical composition comprising as active ingredients a 
pharmaceutically effective amount of: (i) one or more pari 
etal cell activators in a delayed-release formulation; and (ii) 
a substituted benzimidazole H+/K+-ATPase proton pump 
inhibitor in a delayed-release formulation, Wherein the 
release of the parietal cell activator from the composition is 
delayed such as to enable synchronization betWeen the 
activity of the parietal cell activator on parietal cells and the 
absorption of the PPI in blood. It is preferable that the 
parietal cell activator Will be released prior to the release of 
the PPI from the composition in order to ensure that the PPI 
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Will reach the parietal cells via blood stream When already 
activated by the parietal cell activator. HoWever, according 
to other embodiments, the PPI may be released prior to the 
release of the parietal cell activator in cases Where the PPI 
remains in blood for longer periods to ensure overlap With 
the activity of the parietal cell activator. The synchronization 
is essential in order to maximize the inhibition of the 
H+/K+-ATPase proton pumps by the PPI. The particles of 
both PPI and the parietal cell activator may be coated With 
either enteric-coated polymers (pH-dependent release poly 
mers) or non-enteric-coated polymers (time-dependent 
release polymers). 

[0029] These and further embodiments Will be apparent 
from the detailed description and examples that folloW. 

BRIEF DESCRIPTION OF THE FIGURES 

[0030] FIG. 1 demonstrates that succinic acid is capable 
of inducing gastric acid secretion in rats. 

[0031] FIG. 2 demonstrates that the administration of 
pantoprazole (panto) With succinic acid (ScA) resulted in 
higher pH values in the gastric juice samples as compared to 
pantoprazole alone. 

[0032] FIG. 3 demonstrates that the administration of 
pantoprazole With succinic acid (panto-ScA) resulted in 
loWer values of gastric output in the stomach as compared to 
pantoprazole alone (panto). 

[0033] FIG. 4 demonstrates that both succinic and maleic 
acids may facilitate the effect of Pantoprazole on gastric acid 
secretion. 

[0034] FIG. 5 demonstrates that succinic acid is capable 
of inducing gastric acid secretion When administered to 
pylorus-ligated rats. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] Parietal cell activation is required for the conver 
sion of the PPI pro-drug to the active form that acts as an 
irreversible inhibitor of the gastric H+/K+-ATPase proton 
pump. The compositions of the present invention provide a 
unique combination of active agents that increase the e?i 
cacy of the PPI in inhibiting gastric acid secretion Without 
the requirement of food ingestion. 

[0036] The compositions of the present invention may be 
used for preventing or treating pathologies in a mammal in 
Which inhibition of gastric acid secretion is required. The 
compositions of the present invention are effective both in 
treating the pathologies and in minimizing the risk of 
development of such pathologies before onset. Such 
pathologies include for example: re?ux esophagitis, gastri 
tis, duodenitis, gastric ulcer and duodenal ulcer. Further 
more, the compositions of the present invention may be used 
for treatment or prevention of other gastrointestinal disor 
ders Where gastric acid inhibitory effect is desirable, eg in 
patients on nonsteroidal anti-in?ammatory drugs (NSAID) 
therapy (including loW dose aspirin), in patients With Non 
Ulcer Dyspepsia, in patients With symptomatic gastro 
esophageal re?ux disease (GERD), and in patients With 
gastrinomas. They may also be used in patients in intensive 
care situations, in patients With acute upper gastrointestinal 
bleeding, in conditions of pre-and postoperatively to prevent 
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aspiration of gastric acid and to prevent and treat stress 
ulceration. Further, they may be useful in the treatment of 
Helicobacter infections and diseases related to these. Other 
conditions Well suited for treatment include, but are not 
limited to Zollinger-Ellison syndrome (ZES), Werner’s syn 
drome, and systemic mastocytosis. 
[0037] The parietal cell activator according to the present 
invention is preferably one or more small monocarboxylic, 
dicarboxylic or tricarboxylic acids, or any active derivative 
or salt thereof. Preferred acid molecules are small carboxylic 
acids involved in krebs cycle. Speci?c preferred acid mol 
ecules are saturated aliphatic and non-saturated dicarboxylic 
acids that may be used as parietal cell activator according to 
the present invention. Small aliphatic dicarboxylic acids are 
represented by the general formula: HO2CiCH2)niCO2H 
(Where n=0 to 5). Speci?c small saturated aliphatic dicar 
boxylic acids are Oxalic (n=0), Malonic (n=1), Succinic 
(n=2), Glutaric (n=3), Adipic (n=4) and Pimelic (n=5) Acids. 
Preferred aliphatic dicarboxylic acids to be used as parietal 
cell activators according to the present invention are ali 
phatic dicarboxylic acids having from 2 to 6 carbon atoms, 
more preferably 4 carbon atoms such as succinic acid. 
Preferred non-saturated dicarboxylic acids to be used as 
parietal cell activators according to the present invention are 
the four carbon maleic acid and fumaric acid. Instead of the 
free dicarboxylic acids, corresponding dicarboxylic acid 
derivatives may be used, for example dicarboxylic acid 
esters, amides, halides, or dicarboxylic anhydrides. Also 
included Within the scope of the present invention are small 
carboxylic acid molecules involved in the mitochondrial 
respiration circle (krebs cycle) such as for example pyruvate, 
citrate, fumarate, ot-ketoglutarate, succinyl-CoA or oxaloac 
etate. 

[0038] The compositions of the present invention com 
prise one or more small carboxylic acids or an analog thereof 
in an effective amount to achieve a pharmacological effect 
on the parietal cells Without undue adverse side elfects. The 
standard approximate amount of the small carboxylic acids 
present in the compositions is preferably in an amount of 
1-2500 mg, more preferably 10-1000 mg, and most prefer 
ably 50-400 mg. 

[0039] In one preferred embodiment, the composition of 
the present invention comprises one or more aliphatic tri 
carboxylic acids, preferably citric acid in combination With 
the one or more dicarboxylic acids. The standard approxi 
mate amount of one or more tricarboxylic acids present in 
the compositions is preferably in an amount of 1-1000 mg, 
more preferably 10-1000 mg, and most preferably 50-200 
mg. 

[0040] The compositions of the present invention further 
comprise a PPI that acts as an irreversible inhibitor of the 
gastric H+/K+-ATPase proton pump. The PPI used in the 
present invention can be any substituted benZimidaZole 
compound having H", K+-ATPase inhibiting activity. For the 
purposes of this invention, the term “PPI” shall mean any 
substituted benZimidaZole possessing pharmacological 
activity as an inhibitor of H", K+-ATPase, including, but not 
limited to, omepraZole, lansopraZole, pantopraZole, rabepra 
Zole, dontopraZole, perpraZole (s-omepraZole magnesium), 
habepraZole, ransopraZole, paripraZole, tenatopraZole and 
leminopraZole in neutral form or a salt form, a single 
enantiomer or isomer or other derivative or an alkaline salt 
of an enantiomer of the same. 
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[0041] Examples of gastric H+/K+-ATPase proton pump 
inhibitors that may be used in the present invention are 
disclosed for example in US. Pat. No. 6,093,738 that 
describes novel thiadiaZole compounds that are effective as 
proton pumps inhibitors. European Patent Nos. 322133 and 
404322 disclose quinaZoline derivatives, European Patent 
No. 259174 describes quinoline derivatives, and WO 
91/13337 and US. Pat. No. 5,750,531 disclose pyrimidine 
derivatives, as proton pump inhibitors. Suitable proton 
pump inhibitors are also disclosed for example in EP-A1 
174726, EP-A1-166287, GB 2 163 747 and WO90/06925, 
WO91/19711, WO91/19712, WO94/27988 and W095/ 
01977. 

[0042] In a non-limiting embodiment, the ratio betWeen 
the small carboxylic acid molecules, or salts thereof, and the 
PPI are about 20:1 to about 1:5. 

[0043] The compositions of the present invention are 
preferably suitable for oral administration. The PPI particles 
in the oral compositions according to the present invention 
may be either coated or non-coated. The preparation of 
enteric-coated particles comprising a PPI such as Omepra 
Zole is disclosed for example in US. Pat. Nos. 4,786,505 and 
4,853,230. 

[0044] The compositions of the present invention com 
prise a PPI in an effective amount to achieve a pharmaco 
logical e?‘ect or therapeutic improvement Without undue 
adverse side elfects. A therapeutic improvement includes but 
is not limited to: raising of gastric pH, reduced gastrointes 
tinal bleeding, or improvement or elimination of symptoms. 
According to a preferred embodiment, the typical daily dose 
of the PPI varies and Will depend on various factors such as 
the individual requirements of the patients and the disease to 
be treated. In general, the daily dose of PPI Will be in the 
range of 1-400 mg. A preferred standard approximate 
amount of a PPI present in the composition is typically about 
20-40 mg of omepraZole, about 30 mg lansopraZole, about 
40 mg pantopraZole, about 20 mg rabepraZole, and the 
pharmacologically equivalent doses of the folloWing PPIs: 
habepraZole, paripraZole, dontopraZole, ransopraZole, per 
praZole (s-omepraZole magnesium), tenatopraZole and lemi 
nopraZole. 

[0045] The active ingredients of the present invention are 
preferably formulated in a single oral dosage form contain 
ing all active ingredients. The compositions of the present 
invention may be formulated in either solid or liquid form. 
It is noted that solid formulations are preferred in vieW of the 
improved stability of solid formulations as compared to 
liquid formulations and better patient compliance. 

[0046] In one embodiment, the PPI particles and one or 
more small carboxylic acids are formulated in a single solid 
dosage form such as multi-layered tablets, suspension tab 
lets, e?‘ervescent tablets, poWder, pellets, granules or cap 
sules comprising multiple beads. In another embodiment, 
the active agents may be formulated in a single liquid dosage 
form such as suspension containing all active ingredients or 
dry suspension to be reconstituted prior to use. 

[0047] The acid-labile PPI particles in the present com 
position are preferably formulated as enteric-coated 
delayed-release granules in order to avoid contact With the 
gastric juice. HoWever, the parietal cell activator of the 
present invention may be formulated either in an immediate 
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release formulation to enable fast parietal cell activation, or 
in a delayed-release formulation to better synchronize 
betWeen the biological activity of the parietal cell activator 
and the PPI on parietal cells. In this case, particles of both 
PPI and the parietal cell activator are coated With either 
enteric-coated polymers (pH-dependent release polymers) 
or non-enteric-coated polymers (time-dependent release 
polymers). For example, if coated PPI particles are used 
resulting in delayed absorption in blood, it is desirable that 
the parietal cell activator particles be coated as Well to delay 
its release and absorption. In one speci?c embodiment, the 
PPI particles are coated With a thick non-enteric-coated layer 
so as the release of the PPI is preferably delayed by betWeen 
40-100 min, more preferably 40-80 min, most preferably 
60-80 min, and the parietal cell activator particles are coated 
With a thin non-enteric-coated polymer layer so as the 
release of the parietal cell activator is synchronized With the 
release of the PPI and preferably delayed by 20-80 min, and 
most preferably by 30-60 min. These conditions permit 
pre-activation of the parietal cells by the parietal cell acti 
vator prior to the achievement of a pharmacological PPI 
plasma concentration. 

[0048] Non-limiting examples of suitable pH-dependent 
enteric-coated polymers to be used in the present invention 
are: cellulose acetate phthalate, hydroxypropylnethylcellu 
lose phthalate, polyvinylacetate phthalate, methacrylic acid 
copolymer, shellac, hydroxypropylmethylcellulose succi 
nate, cellulose acetate trimellitate, and mixtures of any of the 
foregoing. A suitable commercially available enteric mate 
rial, for example, is sold under the trademark Eudragit L 
100-55. This coating can be spray coated onto the substrate. 

[0049] Non-enteric-coated time-dependent release poly 
mers include, for example, one or more polymers that sWell 
in the stomach via the absorption of Water from the gastric 
?uid, thereby increasing the siZe of the particles to create 
thick coating layer. The time-dependent release coating 
generally possesses erosion and/or diffusion properties that 
are independent of the pH of the external aqueous medium. 
Thus, the active ingredient is sloWly released from the 
particles by diffusion or folloWing sloW erosion of the 
particles in the stomach. 

[0050] The erosion properties of the polymer in the stom 
ach resulting from the interaction of ?uid With the surface of 
the dosage form are determined mainly by the polymer 
molecular Weight and the drug/polymer ratio. In order to 
ensure a delay of betWeen about 10 min to about 60 min in 
the release of the parietal cell activator and the PPI, it is 
recommended that the molecular Weight of the polymer be 
in the range from about 105 to about 107 gram/mol. Further 
more, it is recommended that the ratio betWeen the parietal 
cell activator and polymer or PPI and polymer be in the 
range of about 2:3 to about 9:1, preferably about 3:2 to 9:1, 
and most preferably about 4:1 to 9:1. 

[0051] Suitable non-enteric time-dependent release coat 
ings are for example: ?lm-forming compounds such as 
cellulosic derivatives, such as methylcellulose, hydroxypro 
pyl methylcellulose (HPMC), hydroxyethylcellulose, and/or 
acrylic polymers including the non-enteric forms of the 
Eudragit brand polymers. Other ?lm-forming materials may 
be used alone or in combination With each other or With the 
ones listed above. These other ?lm forming materials gen 
erally include poly(vinylpyrrolidone), Zein, poly(ethylene 
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glycol), poly(ethylene oxide), poly(vinyl alcohol), poly(vi 
nyl acetate), and ethyl cellulose, as Well as other pharma 
ceutically acceptable hydrophilic and hydrophobic ?lm 
forming materials. These ?lm-forming materials may be 
applied to the substrate cores using Water as the vehicle or, 
alternatively, a solvent system. Hydro-alcoholic systems 
may also be employed to serve as a vehicle for ?lm 
formation. 

[0052] Other materials Which are suitable for making the 
time-dependent release coating of the invention include, by 
Way of example and Without limitation, Water soluble 
polysaccharide gums such as carrageenan, fucoidan, gum 
ghatti, tragacanth, arabinogalactan, pectin, and xanthan; 
Water-soluble salts of polysaccharide gums such as sodium 
alginate, sodium tragacanthin, and sodium gum ghattate; 
Water-soluble hydroxyalkylcellulose Wherein the alkyl 
member is straight or branched of 1 to 7 carbons such as 
hydroxymethylcellulose, hydroxyethylcellulose, and 
hydroxypropylcellulose; synthetic Water-soluble cellulose 
based lamina formers such as methyl cellulose and its 
hydroxyalkyl methylcellulose cellulose derivatives such as a 
member selected from the group consisting of hydroxyethyl 
methylcellulose, hydroxypropyl methylcellulose, and 
hydroxybutyl methylcellulose; other cellulose polymers 
such as sodium carboxymethylcellulose; and other materials 
knoWn to those of ordinary skill in the art. Other lamina 
forming materials that can be used for this purpose include 
poly(vinylpyrrolidone), polyvinylalcohol, polyethylene 
oxide, a blend of gelatin and polyvinyl-pyrrolidone, gelatin, 
glucose, saccharides, povidone, copovidone, poly(vinylpyr 
rolidone)-poly(vinyl acetate) copolymer. 

[0053] In one speci?c example, the composition of the 
present invention is formulated as a single dosage form 
comprising multiple beads contained in hard gelatin cap 
sules. The capsules contain mixed population of beads 
selected from: beads comprising enteric-coated PPI or beads 
comprising PPI coated With time-dependent release poly 
mer, and beads comprising one or more small carboxylic 
acids coated With either hydroxypropyl methylcellulose or 
alginate. The rate of the carboxylic acids release is deter 
mined by the thickness and the erosion rate of the hydrox 
ypropyl methylcellulose. 

[0054] In yet another example, the compositions of the 
present invention are formulated as press-coat or double 
layered tablets comprising enteric-coated PPI in one layer 
and small carboxylic acids coated With hydroxypropyl meth 
ylcellulose in a second layer. 

[0055] In a further example, the compositions of the 
present invention may be formulated as tWo layer non 
aqueous semi-solid ?ll into hard gelatin capsules in Which 
the PPI is solubiliZed in a lipid base (non-aqueous, quick 
release) Which is liquid above room temperature but forms 
a semi-solid on cooling and can therefore be ?lled into hard 
gelatin capsules. 

[0056] The active ingredients of the present invention may 
be formulated in a multiple oral dosage forms in Which the 
parietal cell activator is administered in a separate dosage 
form but in conjugation With the PPI. For example, the 
parietal cell activator may be formulated in oral suspension 
or a solid dosage form such as capsules, tablets, suspension 
tablets, or effervescent tablets and the PPI may be formu 
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lated in a separate solid dosage form, preferably enteric 
coated beads or time-dependent release beads contained in 
capsules or tablets. 

[0057] When using multiple oral dosage forms, the pari 
etal cell activator can be administered before, simulta 
neously With, or after the PPI. In sequential administration, 
there may be some substantial delay (e.g., minutes or even 
feW hours) betWeen the administration of the parietal cell 
activator and the PPI as long as the parietal cell activator has 
exerted some physiological effect When the PPI is adminis 
tered or becomes active. In a preferred embodiment, the PPI 
administered is in the enteric-coated or the time-dependent 
release form. According to this embodiment, it is preferable 
that the PPI administration precedes the parietal cell acti 
vator administration in order to ensure that the PPI absorbed 
in the proximal part of the small intestine Will be available 
for inhibiting the H+/K+-ATPase pumps While the parietal 
cell activator is still active in the parietal cells. 

[0058] It is also possible to add buffering agents to the 
formulation in order to facilitate the release of the PPI from 
the enteric-coated pellets, thereby enhancing the absorption 
of the PPI in blood. Speci?cally, a buffering agent such as for 
example sodium bicarbonate may be added in an amount 
su?icient to provide a pH above 5 in the stomach. For 
example, betWeen 300 to 2,000 mg of sodium bicarbonate 
may be added to the formulation. If fast absorption of PPI in 
blood is required, it is possible to use non-enteric PPI pellets 
in the present formulations. In this case, the stability of the 
PPI in the stomach Will be preserved due to the buffering 
agent that provides a pH above 5 in the stomach. Fast 
absorption of PPI in blood is especially important in cases 
Where the parietal cell activators possess direct activity on 
parietal cells via the gastric lumen or in cases Where the 
parietal cell activators are absorbed to the systemic circu 
lation via the stomach. In this case, it is recommended to 
extend the retention of the parietal cell activators in the 
stomach in order to permit local activity or absorption via 
the stomach. 

[0059] Prolonging the retention time of the parietal cell 
activator in the stomach is possible for example by using 
dosage forms that unfold rapidly Within the stomach to a siZe 
that resists gastric emptying. Such systems retain their 
integrity for an extended period and Will not empty from the 
stomach at all until breakdown into small pieces occurs. 
CaldWell (CaldWell, L. 1., Gardener, C. R., Cargill, R. C. 
(1988), US. Pat. No. 4,767,627) describes a cross shaped 
device made of erodible polymer and loaded With drug 
Which is folded and inserted into a hard gelatin capsule. 
Following oral administration the gelatin shell disintegrates 
and the folded device opens out. With a minimum siZe of 1.6 
cm and a maximum siZe of 5 cm it Will not pass from the 
stomach through the pylorus until the polymer erodes to the 
point Where the system is su?iciently small that it can be 
passed from the stomach. 

[0060] An alternative approach to prolong the retention 
time of the parietal cell activator in the stomach is to use a 
hydrophilic erodible polymer system such as Poly(ethylene 
oxide) (Polyox) and Hydroxypropyl-methylcellulose 
(HPMC) that is of a convenient siZe for administration to 
humans. On imbibing ?uid the system sWells over a short 
period of time to a siZe that Will encourage prolonged gastric 
retention, alloWing sustained delivery of contained drug to 
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absorption sites in the upper gastrointestinal tract. Because 
these systems are made of an erodible and hydrophilic 
polymer or polymer mixture, they readily erode over a 
reasonable time period to pass from the stomach. The time 
period of expansion is such that this Will not occur in the 
esophagus and if the system passes into the intestine in a 
partially sWollen state, the erodibility and elastic nature of 
the hydrated polymer Will eliminate the chance of intestinal 
obstruction by the system. 

[0061] The active ingredients of the present invention may 
be incorporated Within inert pharmaceutically acceptable 
beads. In this case, the drug(s) may be mixed With further 
ingredients prior to being coated onto the beads. Ingredients 
include, but are not limited to, binders, surfactants, ?llers, 
disintegrating agents, alkaline additives or other pharmaceu 
tically acceptable ingredients, alone or in mixtures. Binders 
include, for example, celluloses such as hydroxypropyl 
methylcellulose, hydroxypropyl cellulose and carboxym 
ethyl-cellulose sodium, polyvinyl pyrrolidone, sugars, 
starches and other pharmaceutically acceptable substances 
With cohesive properties. Suitable surfactants include phar 
maceutically acceptable non-ionic or ionic surfactants. An 
example of a suitable surfactant is sodium lauryl sulfate. 

[0062] The particles may be formed into a packed mass for 
ingestion by conventional techniques. For instance, the 
particles may be encapsulated as a “hard-?lled capsule” 
using knoWn encapsulating procedures and materials. The 
encapsulating material should be highly soluble in gastric 
?uid so that the particles are rapidly dispersed in the stomach 
after the capsule is ingested. 

[0063] In another embodiment, the active ingredients of 
the present invention are packaged in compressed tablets. 
The term “compressed tablet” generally refers to a plain, 
uncoated tablet for oral ingestion, prepared by a single 
compression or by pre-compaction tapping folloWed by a 
?nal compression. Such solid forms can be manufactured as 
is Well knoWn in the art. Tablet forms can include, for 
example, one or more of lactose, mannitol, corn starch, 
potato starch, microcrystalline cellulose, acacia, gelatin, 
colloidal silicon dioxide, croscarmellose sodium, talc, mag 
nesium stearate, stearic acid, and other excipients, colorants, 
diluents, bu?fering agents, moistening agents, preservatives, 
?avoring agents, and pharmaceutically compatible carriers. 
The manufacturing processes may employ one, or a com 
bination of, four established methods: (1) dry mixing; (2) 
direct compression; (3) milling; and (4) non-aqueous granu 
lation. Lachman et al., The Theory and Practice of Industrial 
Pharmacy (1986). Such tablets may also comprise ?lm 
coatings, Which preferably dissolve upon oral ingestion or 
upon contact With diluent. 

[0064] In another alternative, the compositions of the 
present invention are formulated in compressed forms, such 
as suspension tablets and effervescent tablets, such that upon 
reaction With Water or other diluents, the aqueous form of 
the composition is produced for oral administration. These 
forms are particularly useful for medicating children and the 
elderly and others in a Way that is much more acceptable 
than sWalloWing or cheWing a tablet. The present pharma 
ceutical tablets or other solid dosage forms disintegrate the 
alkaline agent With minimal shaking or agitation. 

[0065] The term “suspension tablets” as used herein refers 
to compressed tablets Which rapidly disintegrate after they 
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are placed in Water, and are readily dispersible to form a 
suspension containing a precise dosage of the PPI and the 
parietal cell activator. To achieve rapid disintegration of the 
tablet, a disintegrant such as croscarmellose sodium may be 
added to the formulation. The disintegrant may be blended 
in compressed tablet formulations either alone or in combi 
nation With microcrystalline cellulose, Which is Well knoWn 
for its ability to improve compressibility of dif?cult to 
compress tablet materials. Microcrystalline cellulose, alone 
or co-processed With other ingredients, is also a common 
additive for compressed tablets and is Well knoWn for its 
ability to improve compressibility of di?icult to compress 
tablet materials. It is commercially available under the 
Avicel trademark. 

[0066] The suspension tablet composition may, in addition 
to the ingredients described above, contain other ingredients 
often used in pharmaceutical tablets, including ?avoring 
agents, sWeetening agents, ?oW aids, lubricants or other 
common tablet adjuvants, as Will be apparent to those skilled 
in the art. Other disintegrants, such as crospividone and 
sodium starch glycolate may be employed, although cros 
carmellose sodium is preferred. 

[0067] In addition to the above ingredients, the oral dos 
age forms described above may also contain suitable quan 
tities of other materials, eg diluents, lubricants, binders, 
granulating aids, colorants, ?avorants and glidants that are 
conventional in the pharmaceutical art. The quantities of 
these additional materials Will be suf?cient to provide the 
desired effect to the desired formulation. Speci?c examples 
of pharmaceutically acceptable carriers and excipients that 
may be used to formulate oral dosage forms are described in 
the Handbook of Pharmaceutical Excipients, American 
Pharmaceutical Association (1986), incorporated by refer 
ence herein. 

[0068] For parenteral administration, the active ingredi 
ents are administered either by intravenous, subcutaneous or 
intramuscular injection, in compositions With pharmaceuti 
cally acceptable vehicles or carriers. For administration by 
injection, it is preferred to use the active ingredients in 
solution in a sterile aqueous vehicle, Which may also contain 
other solutes such as bulfers or preservatives as Well as 
su?icient quantities of pharmaceutically acceptable salts or 
of glucose to make the solution isotonic With respect to 
blood. In formulating the pharmaceutical composition into 
the form of a solution or suspension, all diluents customarily 
used in the art can be used. Examples of suitable diluents are 
Water, ethyl alcohol, propylene glycol, ethoxylated isos 
tearyl alcohol, polyoxyethylene sorbitol, and sorbitan esters. 
Sodium chloride, glucose or glycerol may be incorporated 
into a therapeutic agent in an amount su?icient to prepare an 
isotonic solution. The therapeutic agent may further contain 
ordinary dissolving aids, buffers, and preservatives, and 
optionally, coloring agents, fragrances, ?avors, sWeeteners, 
and other pharmacologically active agents Which are knoWn 
in the art. 

[0069] The dosage of the small carboxylic acid molecules 
of the present invention may be in the range from about 1 to 
100 mg per human adult by parenteral administration per 
day in multiple dose, depending upon the type of disease, the 
severity of condition to be treated, and the like. 

[0070] The folloWing examples are presented in order to 
more fully illustrate certain embodiments of the invention. 
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They should in no Way, hoWever, be construed as limiting 
the broad scope of the invention. One skilled in the art can 
readily devise many variations and modi?cations of the 
principles disclosed herein Without departing from the scope 
of the invention. 

EXAMPLES 

Example 1 

Stimulation of Gastric Acid Secretion Following 
Oral Administration of Sodium Succinate in Rats 

[0071] Rats Were administered (per os) With 15 mg/kg of 
sodium succinate using gavage. 30 minutes later the rats 
Were anesthetiZed With ketamine/domitor and the pylorus 
Was ligated. FolloWing additional 60 min, gastric juice Was 
collected from the gastric lumen. Acid output Was deter 
mined by titration With NaOH. Total acid output expressed 
in mEq HCl Was calculated by multiplying the sample 
volume by the acid concentration. Results are expressed as 
means :SEM of 12 animals from each experimental group. 
As demonstrated in FIG. 1, oral administration of sodium 
succinate signi?cantly enhanced gastric acid secretion in 
pylorus-ligated rats. 

Example 2 

Succinic Acid is Capable of Enhancing the 
Inhibitory Effect of PantopraZole on Gastric Acid 

Secretion 

[0072] To study the effect of succinic acid on the inhibition 
of gastric acid secretion by pantopraZole, an experimental 
model of conscious pylorus-ligated rats Was used. This 
experimental model permits the analysis of the effect of 
drugs on gastric acid secretion in conscious animals and 
avoids the effect of anesthesia on gastric acid secretion. 
PantopraZole alone (10 mg/ml) and in combination With 
succinic acid (15 mg/ml) Were administered by oral gavage. 
Water Was administered as a placebo. 15 minutes later the 
animals Were anesthetiZed using anesthetic gas machine for 
a short period (5 minutes) that is suf?cient to perform the 
pylorus ligation procedure and to close the abdomen. The 
animals Were then placed back into its cage for additional 90 
min after Which the animals Were sacri?ced. The ligature 
Was placed around the esophagus, the stomach removed and 
gastric content Was collected. Following centrifugation, the 
gastric output and the pH of the gastric juice samples Was 
determined. Data is presented as meaniSD of gastric output 
and pH values. The number of animals is 4-8 in each 
experimental group. 

[0073] As can be seen in FIG. 2, the administration of 
pantopraZole (panto) With succinic acid (ScA) resulted in 
higher pH values in the gastric juice samples as compared to 
pantopraZole alone. FIG. 3 further demonstrates that the 
administration of pantopraZole With succinic acid resulted in 
loWer values of gastric output in the stomach as compared to 
pantopraZole alone. These results indicate that succinic acid 
increases the ef?cacy of pantopraZole in inhibiting gastric 
acid secretion. As shoWn in FIG. 4, maleic acid (14.7 
mg/kg) also enhanced the inhibitory effect of pantopraZole 
(3 mg/kg) on gastric acid secretion. 

[0074] The possibility that succinic acid induces gastric 
acid secretion via local effect on the gastric lumen Was tested 
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in animals in Which sodium succinate Was administered after 
the ligation of the pylorus. In these conditions, sodium 
succinate can exert local effect Within the stomach. As 
demonstrated in FIG. 5, sodium succinate is capable of 
inducing acid secretion if administered after ligation, prob 
ably via local effect on the gastric lumen. It is possible, 
hoWever, that succinic acid Was absorbed to the systemic 
circulation via the gastric lumen. 

Example 3 

Oral Formulations Comprising a Proton Pump 
Inhibitor (PPI) and Succinic Acid 

[0075] Hard Gelatin Capsules 

[0076] Hard gelatin capsules may contain a mixed gran 
ules population of succinic acid (ScA) and PPI. ScA gran 
ules are in an immediate release or delayed release formu 
lation and PPI is formulated as enteric-coated granules or 
time-dependent release coating (delayed release). Granules 
may be packed into a hard gelatin capsule in an amount 
corresponding to 40 mg PPI and 200 mg ScA per capsule. 

A) Immediate Release ScA Formulation: 

[0077] 40 mg enteric-coated (Eudragit) or time-depen 
dent release coated (HPMC) 

[0078] PPI granules 

[0079] 200 mg ScA granules 

[0080] diluent 

B) Delayed Release ScA Formulation: 

[0081] 40 mg enteric-coated or time-dependent release 
coated PPI granules 200 mg ScA 

[0082] granules (HPMC coated) 

[0083] diluent 

[0084] For the delayed release ScA formulation, ScA 
solution is sprayed on inert beads in a ?uid bed apparatus. 
After drying, the ScA beads are further coated With hydrox 
ypropyl methylcellulose (HPMC) to form the ?nal granules. 
The rate of ScA release is determined by the thickness and 
erosion rate of the HPMC layer. ScA is aimed to be released 
from the coated beads 10 min folloWing administration. 

[0085] Tablets or Caplets 

[0086] The pharmaceutical composition may be in the 
form of tablet or more preferably caplet. The caplet contains 
a mixed granules population of ScA (immediate release or 
delayed release, as mentioned above), enteric-coated or 
time-dependent release coated PPI (stable under compres 
sion pressure) and a Wide variety of conventional tableting 
aid agents to be compressed into a caplet formulation. 

[0087] Minitabs in hard gelatin capsule (gastric retentive 
dosage form) ScA are granulated With a combination of 
Polyox WSR N60 and HPMC K100M. These granules are 
further combined With lactose and HPMC and later on 
compressed into mini-tabs With the ability of fast sWelling 
into siZe, big enough to enable gastric retention. The poly 
meric matrix controls the ScA release into the stomach. 

[0088] The ScA mini-tabs are mixed With enteric-coated 
PPI pellets and ?lled into hard gelatin capsules. FolloWing 
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disintegration of the capsules gelatinic body, the PPI pellets 
pass though the stomach to the duodenum, Where the enteric 
coat Will dissolve. The ScA mini-tabs remain in the stomach 
and sloWly release their content in a controlled release gastro 
retentive manner. 

[0089] Press Coated Tablet 

[0090] The tablet’s internal core is composed of ScA 
combined With a mixture of hydrogels aimed for controlled 
release and prompt sWelling of the dosage form. The 
expanded core has gastro-retentive properties. Mixtures of 
gums like: xantan gum, gellan gum, together With cellulose 
derivatives such as sodium carboxymethylcellulose or 
HPMC may be applied. 

[0091] The core is further coated With an external layer 
composed of enteric-coated PPI pellets (stable under com 
pression pressure) together With appropriate ?ller, Which 
disintegrates immediately after digestion and promptly 
releases the PPI. The ?nal product is a tablet composed of an 
internal controlled-release core of ScA and an outer layer, 
immediate release type With the enteric-coated or time 
dependent release coated PPI. 

[0092] Pulsatile Release Dosage Forms 

Hard Gelatin Capsules are Filled With: 

[0093] a) ScA granules, combined With HPMC K100M 
and Vitamin E-TPGS combined together With sodium 
chloride (osmotic agent, to attract Water into the cap 
sule). 

[0094] b) Expansion layer With a mixture of hydrogels 
like Polyox WSR N60, carboxymethylcellulose. 

[0095] c) Enteric-coated or time-dependent release 
coated PPI pellets. 

[0096] d) Optionally, granules of betWeen 300 to 2,000 
mg of sodium bicarbonate may be added. 

[0097] The capsule body is coated With non-soluble coat 
ing layer such as ethyl cellulose or cellulose acetate. After 
digestion, the mid layer Will get hydrated and expanded, to 
prompt the release of the PPI pellets into the stomach. The 
ScA Will remain in the capsule body, Which Will act as a 
gastro retentive controlled release dosage form, While the 
release is controlled by the hydrogel layer. 

[0098] PoWder for Oral Suspension 

[0099] PoWder for oral suspension is comprised of ScA 
and enteric-coated or time-dependent release coated PPI 
granules. ScA granules may be in immediate release or 
delayed release formulation (as mentioned above). PPI are 
formulated as enteric-coated or time-dependent release 
coated granules (delayed release). The composition comes 
in individual packets to be constituted With Water. When 
mixed With Water, poWder becomes a uniform liquid sus 
pension. 

[0100] 
[0101] A PPI and succinic acid liquid solution is prepared 
by dissolving succinic acid in phosphate-buffered saline. To 
prepare a physiological phosphate-buffered saline solution 
for dissolution of PPI and succinic acid, a concentrated (20 
times) solution of phosphate buffered saline (PBS) is diluted 
to obtain a 1x solution. The 20 times PBS solution is 

Inj ectable Preparation 
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prepared by dissolving the following reagents in suf?cient 
Water to make 1,000 ml of solution: sodium chloride, 160 
grams; potassium chloride, 4.0 grams; sodium hydrogen 
phosphate, 23 grams; potassium dihydrogen phosphate, 4.0 
grams; and optionally phenol red poWder, 0.4 grams. The 
PBS solution is then steriliZed by autoclaving at 15 pounds 
of pressure for 15 minutes and is diluted With additional 
sterile Water to a 1 times concentration prior to dissolution 
of the PPI and succinic acid. To prepare a dose form for 
intravenous administration, PPI and succinic acid are dis 
solved in 1 times PBS at concentrations of 0.2 mg and 1 
mg/ml, respectively, and the resulting solution (200 ml) is 
dispensed into sealable translucent plastic bags for use in 
intravenous administration of the compounds. These steps 
are performed under sterile conditions. 

[0102] It Will be appreciated by a person skilled in the art 
that the present invention is not limited by What has been 
particularly shoWn and described hereinabove. Rather, the 
scope of the invention is de?ned by the claims that folloW. 

1. A pharmaceutical composition comprising as active 
ingredients a pharmaceutically effective amount of: (i) one 
or more small carboxylic acid molecules, or any salts thereof 
Which activate parietal cells; and (ii) an irreversible gastric 
H+/K+-ATPase proton pump inhibitor (PPI), Wherein the 
small carboxylic acid molecules are in an amount suf?cient 
to activate parietal cells located in the gastric lumen. 

2. The composition of claim 1, Wherein the small car 
boxylic acid molecules are saturated or non-saturated mono 
carboxylic, dicarboxylic or tricarboxylic acid molecules 
having betWeen three to six carbon atoms. 

3. The composition of claim 2, Wherein the small acid 
molecules are one or more of: maleic acid, succinic acid, 
pyruvate, citrate, fumarate, ot-ketoglutarate, succinyl-CoA 
and oxaloacetate, or any derivative or salts thereof. 

4. The composition of claim 1, Wherein the release of the 
active ingredients is controlled such that the activity of the 
PPI is synchroniZed With the activity of the parietal cell 
activator. 

5. The composition of claim 4, in a form suitable for oral 
administration. 

6. The composition of claim 5, Wherein the amount of one 
or more small acid molecules is betWeen 50 to 300 mg. 

7. The composition of claim 5, Wherein the active ingre 
dients are formulated in a single unit oral dosage form 
selected from: a double-layered tablet, a press-coat tablet, a 
multi-particulate capsule, an effervescent tablet, a suspen 
sion tablet, solution and suspension. 

8. The composition of claim 7, Wherein the active ingre 
dients are granulated into beads coated With enteric-coating 
or time-dependent release polymers in order to synchroniZe 
betWeen the activity of the carboxylic acid molecules and 
the PPI. 

9. The composition of claim 8, Wherein the time-depen 
dent release polymers comprise at least one polymer capable 
of sWelling in aqueous environment. 

10. The composition of claim 9, Wherein at least one 
polymer is selected from the group consisting of: a synthetic 
polymer and cellulose-based polymer, or substituted deriva 
tive thereof. 
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11. The composition of claim 1, Wherein the ratio betWeen 
the one or more small carboxylic acid molecules and the PPI 
is about 20:1 to about 1:5. 

12. The composition of claim 1, Wherein the PPI is 
selected from the group consisting of: rabepraZole, omepra 
Zole, isomepraZole, lansopraZole, pantopraZole, leminopra 
Zole, tenatopraZole, single enantiomers thereof, alkaline 
salts thereof and mixtures thereof. 

13. The composition of claim 1, Wherein the composition 
further comprising a buffering agent in an amount suf?cient 
to provide basic pH in the stomach or an antibiotic agent 
effective against bacteria residing in the stomach. 

14. Apharmaceutical kit comprising as active ingredients 
a pharmaceutically effective amount of: (i) one or more 
small carboxylic acid molecules or any salts thererof; and 
(ii) an irreversible gastric H+/K+-ATPase proton pump 
inhibitor (PPI), Wherein the small carboxylic acid molecules 
are in an amount suf?cient to activate parietal cells located 
in the gastric lumen. 

15. The kit of claim 14, Wherein the active ingredients are 
formulated in separate unit dosage forms. 

16. The kit of claim 15, Wherein the active ingredients are 
formulated in separate unit oral dosage forms. 

17. A method of reducing gastric acid secretion in a 
mammal, the method comprising administering to the mam 
mal an effective amount of one or more small carboxylic 

acid molecules, or any salts thereof, in conjunction With an 
effective amount of a proton pump inhibitor (PPI), Wherein 
the small carboxylic acid molecules are in an amount 
suf?cient to activate parietal cells located in the gastric 
lumen, and in conjunction With the PPI, thereby reduce 
gastric acid secretion in the mammal. 

18. The method of claim 17, Wherein the disorder is 
selected from the group consisting of: re?ux esophagitis, 
gastritis, duodenitis, gastric ulcer, duodenal ulcer, patholo 
gies associated With nonsteroidal anti-in?ammatory drugs 
(N SAID), non-ulcer Dyspepsia, gastro-esophageal re?ux 
disease, gastrinomas, acute upper gastrointestinal bleeding, 
stress ulceration, Helicobacter pylori infections, Zollinger 
Ellison syndrome (ZES), Wemer’s syndrome, and systemic 
mastocytosis. 

19. The method of claim 17, Wherein the mammal is a 
human subject. 

20. The method of claim 17, Wherein the one or more 
small carboxylic acid molecules are administered simulta 
neously, prior to or folloWing the administration of the PPI. 

21. The method of claim 17, Wherein the one or more 
small carboxylic acid molecules are selected from: maleic 
acid, succinic acid, pyruvate, citrate, fumarate, ot-ketoglut 
arate, succinyl-CoA and oxaloacetate, or any derivative or 
salts thereof. 

22. The method of claim 17, Wherein the one or more 
small carboxylic acid molecules in conjunction With an 
effective amount of the PPI are administered via oral route 
of administration. 

23. The method of claim 17, Wherein the ratio of the one 
or more small carboxylic acid molecules and the PPI is about 
20:1 to 1:5. 


